_' - 2 B R o <
. J
o
ol
‘ JPRS: 3395
) . N 13 June 1960
: May
; NEILE
PRCSFECTS FOR THE DAVLLOF ENT (OF "™IFIED EIZCTRIC POWER
SYSTELS IV THE USSR
by P. S. Neporozhniy
- B N
b g : "‘ﬂ K=
L NG 4 ‘*-La.., L‘Lud ﬁ Bs ’
—
O
O
! ~O
Photncopies of this report may be purchased froms: [ —
; =
, ‘, PHOTODUPLICATION SERVICE ol
' LIBRARY OF CONGRESS [ v
\ ASHINGTON 25, D. C.
| : DISTRBUTION STATEMENT
: - —
| Approved for public release; —g
o Dlstribuﬁon Unlimited
I e e e e e e e e e r e e e e e e e m - <

- er eu .. = am e Se s e

U.S. JOINT PUBLIC ATISNS R ::b. LRCE SERvICE
205 £4ST 42pd STREET, SUITE 300
““‘I YORF 17, Llo Y‘

i
C e,



A

ASD
L

TECPT 77, B
ALZY DIREC

T
’.JTT

C?.';GTRACT'\,JR{; T




JFRS: 3395
Cs0: 3928.D
PROSFECTS FUR ‘i DEVELUPMENY OF UNIFIED ELECTRIC PUWER SYSTEHS |
IN YHE USSR

gollowing is & transiation of an artisle by P. 8 . Heporozhniy
Gidrotekhnicheskoye Ot Strc:i.tul' E1 (Hydmteehnical Gonatmmon) ’
No %, Moscow 1960, pagus

Tn accordance with the planned ievel of power consumption (see the
article by the author in Gldrotekhnisheskoye Stroitel'stvo, No 3, 1y60), -

and on the basis of the power and eﬁargy balances worked out for individual
power systems during the next 15-20 years, the braskdown of generating
capacities, taking accepted wti:ut. 14nits into account, is characterized
by the data shown in table 1, '

The incresse in the musber of utilization hours from 4,400 to 5,000
during the 1958-1980 pericd is expiained by the inerease la the relative
percentage of heavy power comw.:xg mdustries {eioctrochemicat, chemical,
and a mmber of others); the subsequent la'zsitudiml arification of power
systems, leading to a veduction in the total maxiwm lead of unified
reglons; and the automatica and complete mcha.nj.zation of productmn,
ieveling out the rezime of power consumption both as a daily and as an
anmal reserve. Alnng'with the factéra which have been mntioﬁed a8
increasing the mmber of utiiization hours, there are several factors
contributing te a more even distribution in the load graph: the increass
ix relative percentage of mundeipal services and individual load,
particularly for i]lmninaticn; the increase ir. relative percentage of
agricultural loai, which does not have as miwex;sxve a graph as industiry;
and the reduction in the length of the workiasy and the work weelt,

The division of USSR tervitory oy mividuai power systems,
wh:leh will bedevsiod primarily in the l:'S“?-l%S period, wiil be as
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follows: & United Central Power System (OES), Contral Volga Power
- Bystem (ES}, Southern OES, North Caucasus ES, Transosucssus ES,
Northwest OES, Kola-Kareilas ES, Urai OES, Central Siberian OES,
Feansbayksl and Far Esst OES, Yakutskays ASSR Power Reglon (ER),
Magadanakeya Oblast FR, Ksrohatsimyz Ublact R, and Sakhalinsiays ES.
Power development in the Kagakh SSR end in repubiics oz?‘ Centrasl Asia
i aiso being provided, |

Op the basis of the ES and FR which havn been mm:imﬁ, the
following main unified powsr systems will be crested durimg the 1959
1965 period: & United Burcpear Powsy System (YeYeS), which by 1965
will inelude the wvnified ES of the Center, South, Urals, and the
nedghboring ES of the Volga, Central and Western Ukrains, and
Moldaviag and in 1Y70-1975, the Northwest,  Novth Cémcam, end
Trauscaucasvs ES, and the Central Siberiam, North Kazakhstan, Central
Asian, and Far East OES, S | :

Table 2 gives soms data on individual wnified power systems, The
over-all raquirad powsr station capacity has been determined for each
of the regions mentioned teking into account reserve fscilitvies and
transmisgions to neighboring regiouns, At the same tims, the neceasw
capacity of heat and electrclp powesr stations wag determined from
specificaticons for supplying the thermzl load, while the remalning part
of the over-all sapacity of the ES is accmum&d for by eondbnsmg TES
(tharmal electric powes stations) and GES (hvdroelsctric power statioms),
The selection betwsen TES and GES was based on technical and economic
caicnlations considering the actual prodgmtién and trangportation

situation in the given region, the cost and required time for comstruction,
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Teble 2 (continued)

LTS .
Total Poway FMardipam Consuption

o Congumption Load =~ Met by GBS

Name of UES . Spistdon kwh)  (mdllion kw) Oubpub (%)
. United Buropean ... . Y0 160 13

Iranscancamus® | b,9 L s 33
Nortirests . o 77 L 16 . 1
Central Siberizn = . : “306 ., S . 10
North Kasekhetan .\ | L 100 S 13 . Bs
Central Asism R o3 35
Transbayksl & Far Eagt oy (U 1

% T be conncoted to the YeleES in 1570-1975,
the saving in espital expeaditurss per unit of capacity, and the saving
in apera'bion of the station. . .

The TeYelS iz pow im éxistence and includes the 085 of the Center,
‘South, and the Urals. <ney are comnected with sach other by the following
LUe500-KY power transmigsion linss: Volszhexaya GES imeni V. I. Lenin-Moscow,
 Volzhsxave OE3-Ural, and Stelingradskaya GES-Moscow, and also by the zzﬁ;kv
Stalingradsm#a GES-Tgiilyanskaya GES-Nesvetaygres-Donbass line, In 162,
& UiV Stalangradskays OES-Donbass do line witil be puv into operation,
By 1470, the YeYsS wiii include the Nortuwest OES via the 330.kv
Konakovskaya GRES (State Regional Biectric Power smtiou}ngemwad
ana Aonakovekaye GiB3.-Beloruseis power transmission linesy and by 1975,

tne North Caucasuz OES via comnection wita the Southern ES over 330-kv



power transmission lines, In 1475, 50 ballion rwh of tne totval output of
the YerekS wiil be recsived from vhe Central Siberien OES, and 87% of tne
electrical encrgy of the YefekdS will de produced by thermai electric power
stations operaving on verious kinds of fuel:t mazut, gas, Donets coal (Soutn),
shale ’kﬁéﬁﬁmg’t), peat (ﬁerw,' Wesﬁ? -énd Canter), and different lecal coale,
Of the total amount of energy £ be produced by thermal eiectric power.
s‘batlions, 3% wisl bes‘pmcmeeﬁ by stations wnich burn mazut; 33% by stations
bﬁrnimgas, and 33% by statlons burning ccel. (Doneis and localj. The cost
of production per kvwh at large new elactric power stations being built

%o operate on Donets coel will ba 3.3-3.8 kopecks by the end of the perdod
under‘invéatigation. The cost wiil be 1.3-i.6 kopecks with mazut as fusl
and 1.,3-2,0 kopecks using gas. The cast per kwh at large OES wiil be
0.5=1,5 kopecis. | I

By combining the maximum icads of united power Eystems, tne creation
ot the XeYsES iz‘.li:-recim’e ita load by ©UUL,UDU kw in 165 and 1.2 miliien
kw in 1575, while the necessary emergency reserve will be reduced by
90U,000 and 1,8 million kw respectively, Combining the maximum loads
of unifised power systems im the YeYeES and unifying the mrgjﬁmy‘m&e‘z‘ms
wiil provide a 2% saving in over-all maximm capacity.

By 1975, 30 billion kh of slectrical energy must be tranmmitbed annually -
the Center, the Urals, and the European regions of the country from the -
Nizhne-Ubgkeya OES over two £700-kv de power transmission lines 1,800 k-
in length, The cost ofenergy at the busbars of the Nizhne-Obsgkiya GES
will be O.y kopeck/kwh, Although investwent in.the = networks -
for tremsmitting ths electrical energy of the Nizmme-Obskays GES wiil
smount to about 2.6 biilion rubles, the cost of tranmssmn wiil be less




" than 0.5 kopeek/ih, and the coat recovery period for the GES (including - b
transadssion lines) compared with TES of the Center operating on solid
fuel will be 3-h yeam. '

' ‘he Transcoucasus OES will unite the Arerbaydzhsn, Georgian, and
hrmmiazz pm% systam. The hydropower resources of these republics and
the gos daposits ot the Azerbaydznan StR form its energy bass. the '
averags weighted cost of producing energy at the buebars of the VES
baznm ym. into apamtim with fusl esleuiated at cost wiil be 1;!; lmpecks/kwh
an 1975, |

The Horthwest OES wiil unite the Leningredeksys, Egvonian, Latvian,

Litimantan, Beloressian, and kaliningradskeya power ammms. The emergy
base of the power afyawm by 1975 wisl be masut and gas,whieh will aceount
for about B0% of the putput of ‘bhe TES, The average mightad cost of
electricel ensrgy at thermal elsctric ‘power stations being put into
operation with fuel calculatad at cost will be sbout 2.8 kopecks/kwh in 1975,

 The Central Siberisn UES wiil u’m.té the Irkuﬁslcaya, &rasnayarmaiy\a, |
nmhﬁé, Novoéibﬁewa, Pomskays, and Barnaui'skays pover systems., im:qaéﬁsivc
ccals or Bastern Siberia and the anique (in terms of sconomic . indexes and
magnitude) hyrdbﬁmver resources of the Angara-’xwiséy cancads form the
ensrgy buse, The cost of electrical ensrgy produced at GES wiil aversgs
legs than 0.5 kopeck/ieh throughout the UES, and about 1.3 kopecks/iwh when
taken from the busbars of the main TES. This means thst it wiil be wise
to tmmit mz-gy from Bastern Sibaru to the kos-b where t.he cost of
electricsl emrm a-L TES opemtting on Kuznets coels, even in the anbaa
~ Powar Syawn, is ennaidembly higher (2.2«2,5 kopecm/‘kwh), and also
%o the Urals, |



The North Kazakhsian OES will unite the Kersgardinskeys, Paviedarskays,
and Altayskaya power systems, which include Enstern, Ceﬁtral, and ﬁorth
Kaaaﬁimtan, Kugtanaysksyes Ublagt, snd rayons of the RSFSR aﬂ;}ment to
Kazaxnstan on the North and Nortneast. ihis powerful new Wﬂer gyaten
wiil be crested by utilizing inexpensive zmlmm cosis and combinmg_
the operation of powerful thermsl a&aa{;rie éwer %@t&am with the
hydroelectric pover statiomg of the Imah %Ems‘ The cost of energy
tuken from the busbars of the main thermal electris pém'ar stations
operating on Ekibastus cosl will mmgg 1.8 kopeeks/iwh. ihe coaﬁwﬂl |
be 1.1 kopecks/iwh at hydroelectric stutions, By 3.9?5, Elkibastuz cosl
will aceount for more than 65% of *r,m total output of electrieal energy.

During the' 1966-19T70 perdod, it is pisnned to ereate & H0U-kv
link between thé North Kazakhstan fOES/ and the xaﬁs {United Power Systewm)
of ;bhe Furcpsan USSR which will pramév a saving in thes :Lnémned. capacity
| of the North Kazakhstan Fower System af about 500,000 kw by consolidating
the load graphe and reserve cepacity. Imrgzig the 19TU-1975 perzod, the
North Kagaknsten ES will be comnected with the YeES3 of Cént.ral Siberia
via & 500-kv power trmsmissieﬁ line being mmled_ﬁo Teed the western
part of Novosibirskaya Ublash, the nertimestern part of Alt-aysxiy z&my,}

- and the southern part of Uﬁgsi;aya Gblaste ffhis link will pmﬁde a
saving in reserve capacity of 500,000 k;'w» | | _ | |
" The Central Asian UES wiil unite the power systems of the Tadzhik |
and Uzbek 55Rs, the power cente?gx {energonzly) of southern Kirgizia

m Eastern ‘furikmenia, ang al#o ths Yuznnoeiazaimstenskeys E.S}. ‘IThe
substantial gtocks of gas, cozl, and hyrdopower rescurces férm the

erergy base of the republics of Central Asia. Energy wiil genarallym




be pradaced a‘s gaa-snu.ma_ng 'lES s mm only 6::: of the evaerw will be
prod'uced from coal.. ’L“vxa avemgé; weigbt.ed eom oL m.ecﬁricanl energy
- at the busbars or -hhe emctrie pom:? swtions b«am@; p\m o ox::era‘cmn
with fuel cau Lcluawd 2t cost wll be 1.2 kopecxs,’kwh m l‘:"b # J_ml\ming
a’bou't. U kape{:x/%mh at GES ma abuus 1. lg kopm:&s/kwn at ib o
The Transbaykal and Far Esst Ou‘s xé::..!:&. b»a &weloped substmmaﬁy
by 1570 and compieted by 19?.‘:. }?ha OB wi,..l :include the Eu or tﬁe ‘
Buaryatsily, Chivinskiy, At *sm, Khdbarcv £ and Prmorsk.ay aconor;ic
aﬁministrati@ regiensf The 1ocu coals af the }awcmnmx, Gng:‘inaomrs&z,
pharancysk, _Bm,n » anc‘& ‘mgm;,ym: devos ::m nav\e bepn aammud as tfhe f‘uei.
tase for "bh@maa alec ric pwex swnions@ 'me average mignted ccsﬁ of
elwctfical snergy at tb,a tms:a‘ma:e'w of e.;.eetrlc puwer stat* ons throughout |
the unified power system wiil be app“ox'imamly 2.5 kapeckm/?wn ia 19?
During ‘the cm*ren* oevan-ﬁem' P.ﬁ.an, a 220—35'# cannaetion um_ be
made between the Irkutckaya system and tbe Transbwml 5egio] |
Additlonal comnactions bewmn wiis ur..u and th& pwer syht.em of thar |
uoviet Union are Nt plmmad up to 1975.
‘the um.i‘ie:ation of‘ the larf«fest pmxer zngs‘bams 3 f:z.rs“;l_y' 'bm YeES of
Eﬁiboma and 'bl'xa Euronaan USHR, is ba e;ecl gemml‘ty on the earmomy in
utilizing the power reaourcaa ot individuaj. mgwns far otner mgiom.
'the fuel shomga in the Ural mgmn meana t.ha*“ mmmts wa.ﬁ.s nmst |
be carried a distance of 1,8@0 km. With powwm"'l;’u 'Ll'..o :Ln ‘bhe Hr&is -
operating on Kuznets coals mineci fmm open pa.ts s ’c.he cos#; of el ectrical
ensrgy with fuel caleulated at ccsﬁ will be a’bout- 3 kopecks/lmh. ‘I‘he
installa'bi on of 3\15’& two *?00~kv dec pwer tranmssion ¢irculbs f,mm A
Central Siberia tc the Urals s & distanee of abou'b 2,400 km, will maka it




p0591ble ta transmiﬁ 8 mlllzon kw o? capacity and more than 50 billicn |
kwh of ensrgy anmuslly at & cost of ) kopecks /i ywhile the average
cnst in the YokS af oiberialﬁ 1 3 kcpecks/kuh Thus, the transmission
of pnergy from %iheria o +he Urais W1Ll S5V abaat 1,3 xopaaxs for
every Wi mceived. wma pm:iad. iL zaul«m of’ the gne**gy of Siberian
GRS, tbs eﬂonow wiil ha even greatex*. - ‘ o

Tha creas wn of powerfm electrical ct:,nm"mons between the Yarehs
and t.hs ia}::(} of bﬁberia will ﬁramda an aimtmml emrmxy by reducing
the msmn.ed capacmy of memn« powex: m:ai-ﬂ cos as a result of the
congolidation of m&ximmm l@ad &nd tna n@&w&&&xﬂy for lowering the tobtal’
emﬁbgency reserve. At uhe 1975 level, this reduction in instatled
ca.pacmv wiil ve 4 m:LJlmn kw. \‘%‘he unifioation of the TeES of Siberis
with ths YeYeES into & mute,d power eysten of the sountry (VeES USER)
wiil at the same tlma make it pcasib;e Lo balanc@ the L;hﬁpﬁ%'o§7
085 in Siberla with GES in the Burcpean U3SR. This will result in
F 1@Ve1ing’out in the J— omxpﬁt'of GES and the butpﬁt”ovai pary
years close to the averape for mary years. The axistence of powerful
- electrical connecﬁnoas wmll c?vate favurahie condlhions for the
utilizaticn of the inaxp@nsmva encrgy of new GES beung put intc'opefaﬁion
in Sibertia during the imm period of operation, o

Ina unlflad power systsm, axtranigﬁ»vnxt&ga lnnzs perform.tha
foilow*.,.ng fuxsction&:, trengmit lavrge cuamium of ene*ar Vi \,h e
nwiber of maximum uﬁiliza{ien" s {L,;Oﬂmé uGﬂ haura) from big : thermel
rdvﬁaiecﬁéiclpower ﬁt;f?nha to rezions that .are Shart of eneTLy; |
traﬁémit éapecitieé af Q%c bated by a chanze in time LOIEE and tranemit

reserve capacities as specifiead by rﬁpair and




energensy ,vcjy'_nd‘.itj'.‘qns.&, The vast majority of lines will, first of all,
tmnsmit ;o;iside‘rabh amounts of enorgy over long distances in s
fixeci dm;ﬁi%. .;_I'mgrsystem Jines must have sufficient carrying
capacity to bs able to transmit capacity from one system to another
if' ‘,"?"’9’39?*?"5", This is because in power systems baving powerful GZS,
there may be a surplus or & shortage of capacity based upon seagonal
factors, A reserve must be providad over intersystem commections

in the evant of emergency production by one of the elsctric power

stations in the power system. Intersystem eiectric power transmission -

provides }for wide centralization in the suppiy of electrical energy = -
to intaﬁsadiate regions., »cémequently, the most complete utilization
of ail the benefits to be derived from unifying power systems wiil .
. be possibls only 1f thers are intersystem comnsctions with sufficient
carzving;_gapacity. |

The main problem, rational solubion of walch provides acceptabls
technical and economic indexes for long-distance power transmission,
is the selection of measwres to provide the /necessary/ tranwmmission -
car:ying capacitye. On the basis of reaéarch and pianning work, the
following technical improvements were introduced in the transmission
of élect;_rical energy between the Volshskaya GES imeni V, 1. ienin’
and Moscow: the reactance of the hydrcgemfatnrs and ‘the power
RS ' . ' of the hydrogenstors
trazxsfomgra was lowered; lthga fixed inertiafa.d the ceriing excitation
of their gx'piters wag inereased: quick-operating and highly sensitive
electronic regulators for the excitétion of synchroncus machines wesre
developed; the wires of 400-kv lines were split; longitudinal - . -
capacitive balancing (yemkostnaya kompensatsiya) was employed; -



powerful synchronous compefisators were installed in homkvmmtions o
equipped with quick-operating sxeitation reguiators; switching pointa
were installed on the LOO-itv line; the apr-\ra‘oing time of KOO-kv |
protestion relays and switcnes was reduced, ebo. o

hess achlevements made 1t possibie to limit the LOO-kv Volzhsicaya E
OBS imeni Lenin-Moscow line to two circuits, | |

The eastern circuit of the first 500-kv 1ine in the world --
Stalingradskaya GiiS-Moscow =« was put under load and wewmt into operation
on 27 December 1959, This is a new era in the development of Soviet
and world power and power equipment construction bacause wntil now,
the highest voltage transmitted in the USsi and abroad {Swden, Fast
Germary, and France) was hUO kv, - A ' |

An increase ir the rate wolitage of elesctrie power'tmnssﬁiasioﬁ to
500 kv provides the following advantages: an increase in transﬁﬁési&h'
carrying capacity under stable conditions of approzimately L(%, or
(with the same carrying capacity requiremstits) a reduction in volume;
the possibility of complete elimimation of special facilities for increasing
stabilivy (longitudinal balancing, synchronous compensators at intermsdiate
substations, etc.); and a raduction in energy lozses on ths lines, |
As shown by & technical and economic comparison of eisectrieai tronsmission
at voltages of hOO and 500 k¥, an increass in the rated voitage of 800-1,000
km main lines is economcally wise if the éapacity to be transmitted
exceeds 65U-T00 Mw per circuit. 1Ine uss of & voltage of 500 kv for
intersystem connections provides more dependable parailel operation
of unified power systems and improves conditions for mutual reserve,

The start of electrical transmission batween the Stalingradsksya GiS

12




and Moscow will provida the opportunity for paralled ape.rat.ion‘or ﬂm v
power systens of the Genter, Urals, Yc.:.ga, and the bou'r.n, snd wul -
improve eandlnm,s fcn the suppw.mg of enorgy to power systams of
.the Center. With ecmpg ebe developrmeny of tz:e ku&—m intemdww
substations whieh are planned, new regions and powey systems {in -
Lepetskays ?oronezhskaya, Tambovskaya, Rvamnsﬁmya ; and o*c.her |
obiasts) will be comwcted, o the YeES of the Mmpm UbSR. Af‘bi?ﬂ‘
the bw:.ngradskaya G}?u-ﬁcn‘mss and Danbass;w’l‘senmﬂ no-Chernozwmaya
Ublast de lines go into Operation, it wiil be possibl» to tranmm
energy prcduc,@d by 'bhema‘l stauons ‘in the Dc»rmas t.o r«agwns of
_the Center over the S’t;almgrads}mya Gﬁ&-ﬁoscw 11ne¢ | |

The utilization of new planning develomems in 'fnstalling t}m
500-kv Stalingradskays GES«I"%@W iine prcv:i.dad the opportunity |
to limit internal ovar'vomages lmntr@nmye peranapryamemya) in |
:': tr&nsmiwion to tha assigmd j_ew.s.. m:xs made '!.t posslble “o mmm
the insulation standard rar equipping; the buO-akv 1im that wag prenously
adopted for ejuipping -bhe Vu&zhsm;a Glt:S imni Ve I. h&m-HOSOW :L'me
Becauaa of this, the 500-kv transformers and apparaws are be:mg ma.de
with no incresse in dmnsions or cost over sim,u.ex hw«kv aqa:i.pmnt,
while the basic dimemians of lm structures uitl rema,in unahanged.
The use of 2 voltage of SGO kv inam&ses 'bhe oransmission ca"rymg |
capacity to 750 Mw per eircuit without ut:xl:ming expensive imta.tlatmns
for 1ongitndiml c&pacitive balam:nﬂ or nower:ful synchromua
compensators : in intermdiate substetions and w:x.th lower emr@' losaes
in tmnsmission, In connecti on whih the use cf a pew type of supportihg

terminal of limited strengtn for e tarnunation of wireq in place of a



comov J.ead-cut 1nsmmnion on the 50&-}:7 btuingrad‘maya QES-Mosecow
line, tne m:znme" ot heavy cormr anchor towews a8 reduced considersblys
381 corner ancho:r tovers ave ’bemg installed on the 2,061-!:%& line while
562 were iixstanedxm{ tb,e ‘1,8354»}&1 Volzhakays OES imsni V. 1, Lenin-Moscow
Line. : D ,

The u&e“o'f aﬁtoﬁrﬁx{smmré instesd of {ransformers in S00-kv step
down sub.,tations s the use of ‘iSm,.lo-kv ghunt reactors R patioral grouping
of mn distrimt*i on mmmmms and 500eky substations , and the use
of precast reinforeed ccnr*raw elemnm fur the installabion of apparatus
and buidmgs pronded an additmnai saving in t,apit.s.l expenditures and
materinis, Because of the incresse in voltage o 500 kv with a reduction
in the insmtion Stéhdard to 2.5 microfarads and the utilagation of the
plam\mg df,wempmems merm:mmd above, » eapit.m e:rﬂemltures vere reduced
5% and operatmg expend* tums .1.3% over the 4U0-kv Line.

In 1959, work starbed on the first incms'(mal dc trangmisaion fTine/

Ain world prac*ics mtn & carryﬁng capac:‘»w of T50 Mw, It witl connect
the szngradekaya CES with the ES of the Dorbass and will serve as one
of the 11nk.8 of the YeleES, The emrgy will ba transmitted over &

two= Qire aerial J.im a distance of L73 km with a voltage of 800 kv
betwaen wiées @a‘ ﬂ;mirv with respect to grouad, The cost of
transnatting energy i) be about one Vepeckflmh |

‘l‘ae creation of pmfer systams in ‘the Furépean USSR snd Central
Siberia witl prwida for 't.he mmm]atmn t:sf 33u-m ang Bw-»k.v pcmer
t.rén;mission 1.me Lines oi buu v will be used widely in USSR power

practice for transmitting ‘the canamty of outlying elsctric power:

stations and { for imt@rs‘rstem cormections betWwim Central Siberda;




Kazakhstan, the Uralsy and the Cenmber np-*»c.s 1975, During the Seven-Year
Plan, 1959-1965, 11,000 km of SuUC-k¥ lahes and 7,000 km of 330-kv -°
lines will be put into operation, In 1966-1575, it is plamned to construct
about 18,000 km of 500-kv lines snd 11,000 kr of 33C-kv lines, =
" The unficstion of the nniﬁéﬁ'pdﬁer5sysﬁéﬁ$”of the Frropean USSR and

Cewtral Siberia, wileh witl provide over 8% of tne total exestriéal
energy corsumed in the USER in 1975, can only be sccompiished by insteiling
elactric powsr transmisgion isnes with 3 large carrying e&pﬁbity’toh
transmit about S50 billaen kih 6f enerey pﬁbdﬁéa&"hy the very lurge
GES on the Yenisey and Angars and the TES being irigtalled on the basis
of ths insupensive brown cosl mined frem open pité{ih"the KahskomAchingk
basin to the Urals, The mesd for tranemission has arisen becauss an
armual power shortage will otcws ib Ural regions and in celitral obiasta
of the USSR by 15701975, '

The development of tetiniques for transmitting energy over tong
distances with highwva@ﬁga'aiterééting and direct cﬁrf%nt‘prep&ﬁmd'
the way for the creation of the YeXS USSR, 10 provide a carrying
capecity of 22,5 mallion kw per cireuit on 2,000-2,500 km 1ntarayatam
connections at & sufficiertly low transmission cost réquires the
introduction of & new and higher rated vdiﬁaga. An ac volisge of
700 kv and a de voltage of £700 kv ave being investigsted as such’
voliage standards, The selecticn of current an&-mated‘vultaga'““ 
will depend upon definite téﬁhnical”and economic indexss; the
determination of whach requires scientitic and experimental research
intc a mumbar of problems. Thess protiems ﬁnclnda;'firs£hy;fa :

determination of the proper insulation stantard for lines snd
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substation equipment in the transmission of aiternating and direst

current in light of available facilities for limitimg overvoltages,
the bshavier of istlation ab operating voltage, and the effect of
ordinary contamination on the durability of the outside mgu;létich,

T’fxe gelection of a transmission network mst be mede by considering
the development of pover systems and the suppiying oI energy to regions .
through »iich the transmission lines waich are plammed will pass.

he manufacture of TUl-kv ac equipment will nct present any
particular difficuities since at the present time, botha in the Sovist
Union and abroad, designs of 6UU-6LU-kv equipment have been produced
with insulation standards that are close to what is required for
70~';)~h( squipmeni. Therefore, the possibiiity of using sn ac vottage
of 700 kv in the next 5-l0 years wiil be devermined chiefliy by economic
consaderations, |

‘febie 3 snows the resuits of pz-e.Lmimryk plamming work and
technical and economic resesrch which indicate that for maine-iime
transmission of 2,400 Mw over a distancs of 2,000-2,500 lm, it is bést
to use 27i5-kv direct current with a conductor cross section of
L x ASO == 700 per line (caiculations were based on a Yenisey-Ural
route), ine transmission of 4,500 My requires two-circuit lines with
a vcliage of :t?ls‘ kv a

To improve technical and economic indexes for the tramiésion of
alternating and direct current, it is nscessary to eontinue development
of new and more wodern designs of towers and. equipment, further
simplify tranagnission netvorks and subsvations, and reduce capacity

and energy losses in tranemission,
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- ‘Takle 3

indexee for Main»bm@ Transmiggion
(2,400-4w Barrying Gapacity) Owr a
Distancs ¢P 2,%2,50@ :

Capital axpanmtms, mbles/mi
Lines |

Substations & otkaer :lnamlla ions

 Transmission losses, willaon kwh |

Lims
Subsﬁations & o‘bher inat.allauims
Cost of tmnsmiss:.on,, ice:»paaks/kwh

a) With the cost of losses at (.35

kopeck/kwh
b) wit.n the cost of .msae&s at é
kopecks/km

+745-kv DO

 Ancunt
s

521
113
1,212

826

386

- Oaid

0.92

A, Amout
i

100
100

100
‘10':.}

100

100

200

To :\mprove_ the supply of electrical enmergy in

1,852

1,hu0

067

1,51

 European

countiries of the pevple's democracies, the lltn Session of the

77
153

o

13

164

Council for Economic dutual Assistance, held in May 1959, sdopted

& recomnendation to unity the power systems of these countries,

including western ;-’eg:mm ot the USSR,

In addition to tne direct

transmission of q.tectrica.i energy, intersystem functions will alse

be carried out: mutual aid under emergency conditions, exchange of

capgqity.. Y] a;ipumwet by jount coverage of the load grapn, etc,

Uns of the main tasks in compieting the eiectrification of

the USSR ia increasing the amount of territory covered by exectric

1?7



power networks, The most effaective and economical wmethods for

complote electrification are the centralized productiozi of ‘electrical
encrgy on the basis of large thermai and q:t‘ficient hydroslectric

power stations and the development and umfieation of power systems
with new regions which are now receiving eJ.ectrica.L emrw in extremeiy
Jimited quantities from wneconomical low-capacity im;'bai.htians bemg
conneeted to them {at the start of 1959, there were more than 100,000
smail stabtionary exectric pwez«r stations in the B"HR, invludmg about
50,000 agricvituesd stauians) o '

Forther develop@mm of'pwér systems and ébmplem é.téatzrﬁf:aé%iioﬁ
ot the fI‘* s dncluding mgwm which are being newly developed, witl ~
require during the 1959«15?5 period the ‘cons hmc‘tion of about, 900,000
kn of power transmission lines of 35 kv oy bignex* (about 5k per l,uuo o
kw of newly instailed capaeity) aud Le? midiion km of lua-o*hukw ‘
distribution lines, incinding 2.9 million km (about 130 km per 1,000
kw of esgricultrual loed) for agriculture and 1e3 millim‘ m (abo«iﬁ L;O:
ka per 1,000 kw of murdeipal serﬂcm; and individusl load) in cities.
The total Length of esgctric poway transmission Lines with a voj.ﬁé.'ge
of 35 kv or higher mow in existence or piamned for instailataon is
g3 follows: UB,L0U i in 1958, 299,000 kn in 1965, 516,000 km in
1970, 1 million knm in 1975, and 1,5 millaon km in 1580, The average
anual rate of introduchion of 35-10U-kv lines during the’ “1970-1975
pericd will te ‘about 100,000 ku. A yough approximation of what is
required to compiste the program of network ‘construction in the 1959=
1975 pericd is as follows: for the eiectrical newworks of power ‘aysltexﬁa"’ |

35 kv or higher, step-down substation transformers with & total
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capacity of lc(ﬁ billion kva; for* 10-0“h-kv city distributzon

networks; 130 mi;lion kva wlill ve requira&, ,a;rgar 1.0-0.h-kv rural
distribotion m%x«rorks s 100 mllicm kva w.LZLL be requiwd (the t.nt.a.t
capacity of a.é.l stap-dwn ‘aransi.‘ormrs im,lnc.mg o.:,m and 25-»#:? ;
LPensi oYRers iut mmmm enwrprises ang ewrtric ‘hrfaction wil.t.
total about I+ b.a.llmn kva),

Flannad invastmn'b in the cmstmction of electrical ne"ﬁ;works
during the 19&9-1980 perioa, 1nc.mding d.nrstm.bution neworks of 1V
kv or less, wi.x.l account i’or LUs of the t-:rr.a,L eapital investment in
USSR power devalopmntf. Capital invesmem; in the c:anstructicn
of emctricm. mtmrks of pows* sysm,ms as a per.,en-baga of total
investment in the ds velopment of power systems will increase
as Pollows: 12.8% for the 19521958 period, 26»5% for the 1959~1905
period, h3.7‘£ for the 1966~19’T; per:wd, and k6% for thae 1976-1980 perio&.‘

Table li gives mome data on the construction of elsctrical

networks during 1959-1980, |
5713 . -EW
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